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Module 2.
INTRODUCTION TO SOILS

Module 2a.
What is Soil?
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• “You will die but the carbon will not;
its career does not end with you. It
will return to the soil, and there a
plant may take it up again in time,
sending it once more on a cycle of
plant and animal life.” --Jacob
Bronowski

• “ Soil, like air, like water is a natural
resource that we must protect in
order to have a future on planet
earth” --Terry Cooper

• “The Nation that destroys its soil
destroys itself” -- Franklin D.
Roosevelt

What is Soil?

SOIL Definition (1)

• SOIL - The unconsolidated

mineral or organic material

on the immediate surface

of the earth that serves as

a natural medium for the

growth of land plants.

• Sense the Soil – feel, smell,

see, hear……
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SOIL Definition (2)

The unconsolidated mineral

and/or organic matter on the

surface of the earth that has

been subjected to and shows

effects of genetic and

environmental factors:

Active Factors Passive Factors
Climate Time

Organisms Topography

Parent Material

Soil – A Product

Soil differs from it Parent Material in many aspects:

a) physical

b) chemical

c) biological

d) morphological properties and characteristics
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Soil - the essence of life
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So!
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Soil

• Soil – The most important
natural resource on planet
earth.

• All natural resources...are
soil or derivatives of
soil. Farms, ranges, crops,
and livestock, forests,
irrigation water and even
water power resolve
themselves into questions
of soil. Soil is therefore the
basic natural resource. ---
Aldo Leopold

But in addition to growing plants

Soils determine the

suitability of land

for various uses;

such as, housing

developments,

parks, golf courses,

trails, ……..
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Module 2b.
Soil Properties for construction &
Development

Soil Properties for Construction
& Development

• Type/classification

• Horizon depth

• Depth to water table

• Hydrology/hydrologic rating

• Mineral constituents

• Organic matter

• Erodibility

• Texture

• Structure

• Bulk density

• Pore space

• Water holding capacity

• Compaction

• Sheer strength

• Soil chemistry

• Suitabilities and limitations for
intended use

• Shrink-swell clays????

• Fertility
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Soil Classification
Typical Profile

• Horizon 1 – 0 to 7 inches silt loam
• Horizon 2 – 7 to 65 inches clay loam

Properties and qualities
• Depth to restrictive feature 80 inches
• Poorly drained
• Transmittal of water Very low to

moderately high
• Depth to water 0 inches

Soil Classification

K-Factor Depth to water
table (cm)

Hydrologic
rating

Texture

Bethera silt loam .43 0 C/D Silt loam

Izagora silt loam .28 69 C Fine sandy
loam

K - factors
K < 0.23  low erodibility

0.24-0.36  moderate erodibility
K > 0.37 high erodibility
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Soil Classification

K-Factor Depth to water
table (cm)

Hydrologic
rating

Texture

Bethera silt loam .43 0 C/D Silt loam

Izagora silt loam .28 69 C Fine sandy
loam

Soil Classification

K-Factor Depth to water
table (cm)

Hydrologic
rating

Texture

Bethera silt loam .43 0 C/D Silt loam

Izagora silt loam .28 69 C Fine sandy
loam

Group A:
Low runoff
potential

Group B:
Moderately
low runoff
potential

Group C:
Moderately
high runoff
potential

Group D:
High runoff
potential
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Soil Classification

K-Factor Depth to water
table (cm)

Hydrologic
rating

Texture

Bethera silt loam .43 0 C/D Silt loam

Izagora silt loam .28 69 C Fine sandy
loam

Soil Constituents

Soil solidsPore space

Soil solids
• Primary minerals:

• Quartz
• Feldspars

• Secondary Minerals
• Clays
• Iron oxides

• Course fragments
• Organic matter /Humus
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Soil Texture

= the relative composition of the particles in the soil.
or

= the particle size distribution.

Particle size distribution and feel
for soil particles (USDA)

Sand 2 to 0.05 mm Gritty

Silt 0.05 to 0.002 mm Floury

Clay <0.002 mm Sticky

Soil Texture

15% sand
15% clay
70% silt
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Soil Texture

= the relative composition of the particles in the soil.
or

= the particle size distribution.

Particle size distribution and feel
for soil particles (USDA)

Sand 2 to 0.05 mm Gritty

Silt 0.05 to 0.002 mm Floury

Clay <0.002 mm Sticky

sandy

silty

clayey

Soil Texture

Soil solids
• Primary minerals:

• Quartz
• Feldspars

• Secondary Minerals
• Clays
• Iron oxides

• Course fragments
• Organic matter /Humus
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Influenced by:
• Organic matter (humus)

• Electrostatic forces (i.e. clay
particles)

Soil Structure

= a descriptor of how the soil particles are held
(cemented) together.

Aggregates or Peds

Soil Structure
Weak, granular
structure,
common in
sandy soils
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Soil Structure

Soil Structure (and infiltration)
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Strong, coarse, crumb
structure (fairly rare)

Soil Structure

Soil Structure

Moderate, medium, subangular blocky
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Soil Structure
Prismatic Structure

Soil Structure

Important for:
• Root growth
• Water infiltration
• Gas (02 and C02) exchange
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Bulk Density

Bulk Density (Db) = The dry mass (weight)
per unit volume

݉�ݕݎ݀ ݂�ݏݏܽ ݅ݏ� ݈

ݐܽݐ ݅ݏ݈� ݈ݒ݈� ݉ݑ �݁

݃

ܿ݉ ଷ
��ݎ�

݃ൈ ͳͲ

݉ ଷ

Db
(g/cm3)

Db
(kg/m3)

Normal Soil 1.0 – 1.8 1,000-1,800

Bertha Silt Loam 1.39 1,390

Dried Compacted Soil 2.65 2,650

Concrete 2.4 2,400

Bulk Density
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Bulk Density

Bulk Density

Root limiting
Db ranges

from 1.4 to
1.75!
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Bulk Density Pore space

Db
(g/cm3)

Db
(kg/m3)

Normal Soil 1.0 – 1.8 1,000-1,800

Bertha Silt Loam 1.39 1,390

Dried Compacted Soil 2.65 2,650

Concrete 2.4 2,400

Soil Particle
Density (Dp)

ܾܦ

ܦ
=

1.39

2.65
ൌ ͲǤͷʹ ��ሺݎ�ͷʹ Ψሻ Solid space ratio

Pore space = 100%-52% = 48%

Pore Space
Water Holding
Capacity

Soil solidsPore space
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Available water

Compaction
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Compaction
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Compaction

http://www.multiquip.com/multiquip/pdfs/Soil_Compaction_Handbook_low_res_0212_DataId_59525_Version_1.pdf
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Shear Strength

Suitabilities and limitations for
intended use

Spotsylvania County
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Hydric soils

In our Wetland Course

we have seen that

Hydric Soils are

difficult to use for

many land uses due to

high water table and

regulatory restrictions

Are there any wetlands?

Are the wetlands permitted?

Where is the water table?

BMP selection

Module 2c.
Soil tools
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Web Soil Survey
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K - factors
K < 0.23  low erodibility

0.24-0.36  moderate erodibility
K > 0.37 high erodibility

K=0.32!
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Chemical Erosion Physical Quality Water

7 different
variables

K Factor (2) 21 different
variables

11 different
variables

Depth to
water table

pH Wind (2) Bd Hydrologic
Soil group

Flooding
frequency

Composite
(T factor)

Water
availability

Drainage
class

Ponding
frequency
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Building Site
Development

Construction
Materials

Disaster
Planning
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Suitability and Limitations for Use

Land
Classification

Hydric
rating

11
additional

Land
Management

Mostly
Forestry

13
variables

Military

26
variables
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Suitability and Limitations for Use

Recreational
Development

5 variables

Sanitary
Facilities

Drain fields

5 additional

Vegetative
Productivity

9
Agriculture
Variables

2 Forestry
Variables

Waste
Management

Wastewater/
sewage sludge
applications

6 variables
total

Water
Management

14 irrigation
related

variables

Suitability and Limitations for Use
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